Retention of engineering students has been a major concern for universities across the country. Those students who have trouble adjusting and making friends tend to leave at a higher rate than those students who have successfully integrated into college life. In addition, due to the rigor of engineering programs, students have to learn how to study better and more often than they had just a few months prior when they were still in high school.
Introduction
Learning communities have a long history including the Meiklejohn "Experimental College" at the University of Wisconsin in 1920. In the past couple of decades they have emerged as a way to improve the retention for first year students.
During the 1980's and 1990's there was a renewed interest in improving undergraduate education in the United States. The Boyer Commission in 1998 released its report, Reinventing Undergraduate Education: A Blueprint for America's Research Universities 1 , on the state of undergraduate education. It recommended 10 ways to change higher education. Its 10 th recommendation states:
Research universities should foster a community of learners. Large universities must find ways to create a sense of place and to help students develop small communities within the larger whole 4 
. (p.34)
The Boyer report served as a call to action for colleges to reform their educational practices and restructure classrooms to increase active learning among students.
Scholarly research in the 1980s and 1990s provided the underpinnings of the learning community concept. Vincent Tinto who studied the causes of attrition in college found that students were more likely to stay in college if they connected both academically and socially to the institution 2 . Alexander Astin's research found that the quality and the quantity of students interactions with peers and faculty were important factors in developing student engagement in the life of the institution 3 .
Lenning and Ebbers 4 (1999) wrote that Alexander Astin and Vincent Tinto models showed the importance of "community" learning and involvement among students and faculty.
The "involvement" model (Astin) and the "student departure" model (Tinto) provide theoretical and conceptual reasons why student learning communities should impact college students positively, and much research supports both models. The models suggest that learning communities should increase students' development, achievement, and persistence through encouraging the integration of social and academic lives within a college or university and its programs, and through quality interaction with peers, faculty members, and the campus environment 4 . (pp. 49-50) Making the transition from high school to college can be difficult for many students, resulting in a high rate of attrition in the first year at college. Students who struggle to get integrated into university life are more likely to leave after the first year 2 . The Boyer report states, "There is more of everything…but that complexity can also be baffling and overwhelming to students, making them feel lonely, remote, and too anxious for optimal earning 1 ." (p.34) Learning communities help students make the sometime difficult transition from high school to college. By the 1990's, universities across the country were experimenting with various types of learning communities. The learning communities including residential communities can all vary widely in structure and involvement with faculty and staff. Alexander Astin 5 defined learning communities as: Such communities can be organized along curricular lines, common career interests, avocational interests, residential living areas, and so on. These can be used to build a sense of group identity, cohesiveness, and uniqueness; to encourage continuity and the integration of diverse curricular and co-curricular experiences; and to counteract the isolation that many students feel (Astin, 1985, p. 161) 5 .
While learning communities have taken hold across the country at hundreds of universities, there are still places where they have not been introduced beyond the basic residential learning communities.
Course-Based Learning Communities
In 2011, the College started the process to set up course-based learning teams (LTM) linked to first year math courses. For the College, the purpose for creating the LTMs was to improve retention. Sophomore or upper-class engineering students were hired and trained as peer mentors. Mentors were taught how to use cooperative learning 6 techniques to facilitate active learning on the subject matter for an hour. The LTMs ranged in size from 10 students to up to 20 students. The students would meet on campus in a classroom with a peer mentor one hour a week. Additional optional study sessions were also offered throughout the week. In addition, social activities were planned to help the students to get to know each other. To make sure that the one hour a week meeting appeared on the students' schedules, a zero credit course was created. Students signed up for the LTM session during summer orientation with their advisor's assistance. Once registered, the LTM course would then reserve the classroom space and show up on the students' class schedule which reminded students to attend it. The grading for the class was pass/fail.
Engineering Living Learning Communities
The College began a small engineering living learning community (ELLC) of 28 students in the fall of 2007. Two years later, in 2009, the ELLC was then moved to a newer more expensive residence hall in 2009 which had suite style rooms and was located close to the engineering buildings. That year the enrollment more than doubled (see Table 1 ). Due to limited residential housing there is no more room to expand the ELLC.
Table 1. ELLC Enrollment and Overall Enrollment of First-Year Students
Beginning in 2012, live-in peer mentors were hired for each of the residential floors to coordinate social and academic activities for the students. The main goal of the ELLC was to improve the retention rate of engineering students. Social activities were done to promote bonding and group affiliation especially the first couple of weeks since over 75% of students reported feel lonely in their first two weeks of the semester 7 . Tutoring was also provided in the evening to help students who may be struggling in classes. Table 2 shows the ethnicity of the ELLC and LTM cohorts compared to the first-year engineering. The 2012 ELLC had slightly fewer Black and Hispanic students, however, the 2013 ELLC, the percentages for Black and Hispanic students was about the same as the overall engineering student population. The LTMs had a higher percentage of Hispanic students than the overall population for both 2012 and 2013 at 25% and 23.6% respectively. Significantly more females enrolled in the ELLC compared to the overall percentage of women in the incoming first year class ( Table 3 ). The LTMs for both years mirrored the percentage of first year women overall in the College. 
Cohort Profiles

Retention Data
Since the main purpose of the LTMs and the ELLC is to improve the retention rates, the College needed a way to calculate those results. Institutions vary in how their institutional research units are set up to provide this type of data. At this institution, there is not a way to measure retention of learning communities through the existing institutional research unit. Some of the retention reports provided by the university (see Table 4 for the list of reports) yield retention rates at the university level with demographic information and enrollment status (such as ethnicity, gender, and part-time/full-time students) but did not provide retention rates for an individual college.  Limitation: a user may select the cohort's college declared upon entry to the university, but reports retention rates for the university and not for the college. Term to Term Enrollment Report displays the enrollment, graduation and retention activity of selected student cohorts. Cohorts vary by selected Report Type. At the Campus and College level, students are selected for the cohort by Home Campus and by the college of their first declared major, for any benchmark.  Limitation: A user may select the beginning term and end term to track a cohort. The report doesn't indicate percent graduated and percent still enrolled. Also, the report doesn't specify if attrition is based on lack of enrollment in between the selected beginning and end term, or if it is based on lack of enrollment or graduation for the selected end term.
IPEDS Retention Summary
This report displays a summary of the annual activity of IPEDS cohorts. Data are displayed at the system level with options to split the cohorts by the U Main Campus and the 2 nd campus (our two campuses with full-time FTIC cohorts).  Limitation: the report provides retention for the campus or university only and with predefined cohorts and is not intended for individual colleges. RETTrack This interactive application is to be used to track custom cohorts for retention purposes. It allows users to upload any group of students (identified by UID's) and track them over a 10-year period of time. UID is a student identification number.  Limitation: the report does not provide retention or graduation rates for the college, just the university. In addition, it doesn't provide demographic information.
Retention Flow
This interactive model shows the flow of IPEDS cohort students used for retention to various campuses across a six year period.  Limitation: report tracks retention between campuses for predefined cohorts and is not intended for individual colleges. † CSRDE (Consortium for Student Retention Data Exchange) -The Consortium for Student Retention Data Exchange at the University of Oklahoma is a consortium of two-year and fouryear institutions dedicated to achieving the highest levels of student success through collaboratively sharing data on student's progress to degree and includes not only First Time in College (FTIC) student tracking but also Transfer student tracking. FTIC cohorts are full-time Fall Term students and transfer cohorts are full-time and part-time Fall Term students. http://csrde.ou.edu/web/index.html † † IPEDS (Integrated Postsecondary Education Data System) -IPEDS is the core postsecondary education data collection program in the U.S. Department of Education's National Center for Education Statistics (NCES). It was designed to help NCES meet its mandate to report full and complete statistics on the condition of postsecondary education in the United States. It is a single, comprehensive data collection system developed to encompass all institutions and organizations whose primary purpose is to provide postsecondary education.
IPEDS is built around a series of interrelated surveys to collect institution-level data in such areas as enrollment, program completions, faculty and staff, and financing.
None of the reports provided the College with retention rates for the learning communities, high school preparation attributes, honors students, first semester performance, or math course, or any number of categories needed to assess retention rates in the College. The only report that gives the retention rate at the college level doesn't specify percent graduated and percent still enrolled. It also doesn't specify if attrition is based on lack of enrollment in between the selected beginning and end term, or if it is based on lack of enrollment or graduation for the selected end term and therefore is inaccurate. In addition, the "beginning of term" option is actually then enrollment at the end of the term.
The census date used by the university is further into the semester than is used by AAU institutions. This institution uses a six week benchmark and/or a final benchmark taken after the end of the term. The College needed to use an earlier census date to more accurately reflect enrollment at the beginning of the semester and to be consistent with other institutions. The census date is the time each institution takes a snapshot of their enrollment numbers for reporting each year. All of the benchmark institutions for this university use between the 10 th day to the 21 st day of the semester.
The College also needed a deeper understanding of retention which required expanding the categories to track students beyond just ethnicity and gender. Due to a lack of institutional reports on retention rates for various engineering student cohorts of interest such as learning teams and living learning communities, conditionally admitted students, honor students, and attributes regarding high school preparation, it became necessary for the College to create a way to produce these reports themselves.
Enrollment data was already being collected by the College using the 10 th day for the census date. However, putting this data into the format needed to determine the retention rate was extremely time-consuming as the College wanted to see different breakdowns in the retention rates by categories within categories. But as the categories expanded and additional retention numbers were requested, the time it took to calculate each new cohort was extensive using Excel. If Excel was used, a pivot table would need to be created for each population defined by specific filters and each cohort, since continuation terms and graduation terms vary by cohort. This would result in the need to run multiple pivot tables for a single population to obtain continuation and graduation counts for all cohorts. The number of pivot tables increase exponentially when reviewing different populations for all cohorts. To compare results among all populations and cohorts, the counts from the multiple pivot table runs would also need to be collected in one sheet or table.
The python program offered a much quicker, more efficient, and accurate solution to obtaining the results needed in a view that can be used for analysis. Every time a new category or subcategory wanted to be looked at, it would only involve adding one line to the python code.
(Contact the author for the whole code and see Appendix I for additional information on the code.)
Therefore, a python program was created so that additional requests for retention data for new categories or subcategories could be calculated in minutes. An undergraduate computer science major was hired at $10 per hour and spent about 25 hours working on developing the program. The hours include the time the student needed to learn the basics of Python.
Python was chosen since a student group as part of a class project had recently used this language to create what was called a "deficiency" report. This project allowed for reports on students who, for example, failed courses more than the allowed amount, or had a low grade point average for too many semesters in a row, etc. Python is relatively easy to learn, and it is very readable so it is easy to maintain the program. This program used SQLAlchemy which is the Python SQL toolkit to create the databases needed for the reports. (Refer to the Appendix I for details on the program.)
The resulting program allowed the user to know very little about programming but to still be able to go in and add new code to find the retention rate of any new category or subcategory in the database when needed. The program returns the results to an Excel file with each sheet labeled by the main retention category used (see Figure 1 ).
Figure 1. Output of Retention Program
The initial coding for all the main categories was done by the programmer for the basic retention tables that were needed such as determining the retention rate by gender, ethnicity, honors, ELLC participation, and LTM participation. If the College wanted to know the retention rate of a certain subcategory of students the lines of code that needed to be added were very simple. For example, the following code queries the database and returns the records of students not in the ELLC: Figure 2 for a snapshot of the code that would be entered to find the retention rate of students regarding their participation in the ELLC. This type of capability allowed for an expansive look at retention in the College and an easy way to quickly obtain the retention rates of new subcategories of students without having a programmer available. Figure 2 . Example of the Programming Code (refer to appendix I for more information)
Retention Results
As a result of the Python program, the retention rates could be calculated quickly for different categories of students. The following Figures 1A, 1B , 1C shows the retention rates of students who are in the ELLC, for all students not in the ELLC, and for all students who are not in the Honors learning community, the LTM program, or the ELLC (designated as Non-LLC). First year retention rates for students staying in the College who were in the ELLC in year 2013 was 84% compared to 76%. Second year for the 2012 ELLC cohort was 69% to 52% and third retention rate for the 2011 cohort was 60% to 39%. All significant higher for being in the ELLC compared to not being in any learning community. 2010 showed the lowest rates of retention.
That year there was a sharp drop in advisors available due to family emergencies. Throughout the 2010-2011 school year the number of advisors available often dropped to as low as two advisors from a high of six full-time advisors. Table 5 shows the analysis of variance (ANOVA), comparing the 2012 and 2013 ELLC cohorts with those students not in the ELLC. There were no significant difference in high school grade point average (HSGPA), ACT math scores or SAT math scores. HSGPA is the recalculated GPA (see Appendix II). The admissions office recalculates all high school grade point averages to put them on the same scale since the high school GPA varies widely among schools. Fewer schools are reporting high school rank which used to be one of the best ways to evaluate students but now is not reported from about 25% of the students.
Tables 6A and 6B shows the comparison of the ELLC cohorts to all students not in any type of learning community referred to as the non-LLC cohort. 2012 ELLC had statistically higher 
Course-based Learning Teams
The first year of the learning team program in 2012, participation tilted towards the weaker students. As advisors helped students put together their fall schedule of classes those students who seemed to be borderline proficient in math were encouraged to sign up for the LTMs. Table  7 shows differences in the means of the HSGPA, SATM and ACTM between LTM and non-LTM students. The 2012 LTM cohort had significantly lower scores in all three areas.
Table 7. Comparison of Means between 2012 LTM Cohort versus Non-LTM Students
Note. P**<0.01
From Figure 4 it shows that the 2012 LTM students stayed in engineering at a higher rate than non-LTM students for both their second year (80.9% to 74.4%) and their third year (63.2% to 58.0%) despite having lower test scores and HSGPA. Figure 4 also shows the retention rate of students who did not participate in any learning community activities such as the honors learning community and the ELLC. These students are referred to as the "Non-LLC" group. An analysis of variance of these students (Table 8) show no significant differences in tests scores or high school grade point average (HSGPA) compared to the LTM students. However, the 1 st and 2 nd year retention rates were significantly different (80.9% to 69.4% for the 1 st year retention and 63.2% to 51.8% for the 2 nd year retention.) Table 9 show that the retention rate of LTM students is significantly higher than that of non-LTM students when controlling for HSGPA. 
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LTM Results
For the 2013 LTM cohort their ACT and SAT math scores were significantly lower when compared to the Non-LTM group (Table 11A) , however, when compared to the Non-LLC group there were no significant differences in HSGPA, ACTM, and SATM (Table 11B ).
The retention rate for the 2013 cohort was 76.4%, while for the non-LLC students it was 76.1, which was not significantly different (Table 12) . Because of the Python program, the College could explore the retention rate of students by many different variables. HSGPA became one of the variables that the College was interested in exploring further across all the demographics. Looking at the retention rate for those students in the LTMs and the ELLCs who had HSGPA greater or equal to 3.80 showed (Table 13) significant differences in retention rates to those students whose HSGPA was less than 3.80. While that may have been expected, the retention rate was also higher than that of honors students whose average HSGPA was 4.23. A HSGPA of 3.80 was chosen for this example although several different HSGPA's were evaluated by the College since the Python program made it easy to change the GPA. An addition, the HSGPA of 3.80 was the average high school grade point of all graduating seniors over the past six years. LTM and ELLC students who had a HSGPA equal to or greater than 3.80 also showed the highest rates of retention in engineering for the second year of any group including honors students (Table 14) . Figure 4 shows a large difference in retention rates based on HSGPA. For those students in the ELLC who had less than 3.80 HSGPA their retention rate mirrored those of students who were not in the ELLC but had a HSGPA greater or equal to 3.80. Hispanic engineering students has the largest population of underrepresented students in the College at 18%. The Tables 15A and 15B show large differences in retention rates among Hispanics engineering students whose HSGPA was greater than or equal to 3.80 compared to those whose HSGPA was less than 3.80. While it may seem obvious that those students who come to college with poorer high school grades would be retained at a lower rate, the large difference in the rate is so compelling, that it changes the way one might look at general retention rates. If there is this much difference in retention rates with a cohort based on HSGPA it lends itself to re-questioning the level and type of support services needed to improve retention. In other words, support for students who are only being retained at 36% in engineering might look different if the retention rate reported was 71%; albeit both may be poor but one significantly so. The ability to study retention rates in multiple categories and subcategories helps to clarify the level of support different cohorts of students may need. Tables 16A and 16B show the large percentage point difference between white males by the HSGPA cutoff of 3.80. (Very few white females in the College have HSGPAs below 3.80.) Figure 5 shows a graph of the 2 nd year retention rates of Hispanics and white male students in the College of Engineering.
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Figure 5. 2 nd Year Retention Rate, Cohorts Grouped by HSGPA
Assessment
Program assessment is ongoing and will include both qualitative and quantitative methods. Due to self-selection bias with the learning communities it complicates the assessment. In addition, at the time that the learning teams and the enhanced living and learning community began, significant changes were made in the advising of first year students. The additional changes included requiring all new students to attend a semester long orientation course consisting of the following requirements:  Meeting with an advisor early on (first 3 weeks) to establish a relationship and to handle any current or potential problems  Learning about campus resources such as tutoring  Learning about the curriculum requirements and registration for the spring semester  Provide information regarding stress, time management, study skills for engineering  Introduced to student engineering organizations clubs  Introduced to the engineering majors in the college  Required to attend the career fair to help clarify their goals and interests, to help them learn more about engineering, and to prepare them for internships  Write a resume for preparation for applying for internships Another change that began in 2012 which could also have an impact on retention rates required all students not in a department to see an advisor each semester before they could register for classes. Advising contacts with students increased significantly as a result of this policy change (Table 16 ). Advising contacts doubled from the year 2010 to the 2013. Written information was collected from the learning teams twice a semester along with a final evaluation. All students were asked to turn in two reflection papers, one at four weeks in and the second one at 11 weeks. The questions asked on the first paper were the following:  Please write in a few sentences about your biggest challenges to date concerning adjusting to the University.  Describe the positive experiences you have had and what has helped you to adjust.  Please describe your comfort level with your course work to date.  What courses have been the most difficult and what courses do you feel you need further work on to be prepared for the first set of exams? Please explain.  Have your study strategies been effective? What do you need to be doing differently to get the grade goal you desire? Please explain.  What study groups, clubs, and social activities are you participating in? How has the learning community helped you get connected with others at the University?
The second set of questions were the following:  What academic goals did you set for yourself this semester and have you been able to meet them so far?  What have you found is the key to being successful in problem-solving classes (e.g. math, physics, chemistry)?  What are a few things that you have learned in the last couple of months about how to study, time management or just school in general that you wished you had known the first week of classes?  How has being part of a learning community helped you in doing well in classes, meeting other students and getting involved socially, and adjusting to the University and the College of Engineering?  What strategies/activities have you been able to successfully use to help manage the stress of college life and the multiple demands on your time?  How can getting to know your peer mentor and instructors be helpful to you in engineering?
One objective of the assignment was to encourage students to reflect on their experience. Research has shown the importance of both reflection and writing 8, 9 . The other reason was to learn about the students' experiences with their learning team and school so that intervention could begin immediately. The responses also helped in determining the needs of students throughout the semester. A sample of students comments are the following: "It has help me make new friends who are of my major so we have the same classes and help each other out" "It has allow me to adjust to college and become more familiar with the college system" "I have people that I can study with for tests and people I can hangout with" "…help me realize that I am not the only person lost or confused in some areas of various topics…" "I really enjoyed the learning community because if one of us had a question on our homework….there was always someone else who had the same questions. If one person knew the answer….they would be able to explain it…" "I talked to people I never would have in class if it hadn't been for this learning community"
Conclusions
The data collection is ongoing, however, to date, the impacts of the LTMs and ELLCs are positive. Significantly higher retention rates were shown for students in the LTM and ELLC compared to students not in any type of LLC. Even though self-selection bias can cause learning communities to appear as if they are having more of an impact than they really are, the differences in the retention rate are quite compelling. The importance of students quickly finding a peer social group so that they can then focus on academics cannot be overemphasized. By using the Python program, retention rates were calculated by several categories within categories including entry level math courses and grades, learning communities, and other student attributes. Large differences in retention rates within groups became obvious. The additional exploration of retention rates that the Python program allowed, has raised some very interesting questions. This could lead to re-thinking some of the existing support services and perhaps refocusing them to address the higher level of unpreparedness for college among a much larger group of students. Since the ELLC students outperformed all students in retention rates it points to the importance of noncognitive factors such as motivation, commitment to engineering and education, and an interest in social and academic interaction. More work needs to be done to advertise the course-based learning teams to students prior to orientation and in trying to convince university administrators of the importance of providing more space for ELLC students. Currently, honors students receive preference and more space. In addition, improved training of the peer mentors could be done and there could be more faculty and staff involvement with the learning teams. Appendix II
High School GPA Recalculation
High school GPA is recalculated based on grades earned in high school only in core academic subject areas, as well as specified AP and IB fine and performing arts courses. The below table shows quality points added for approved AP, IB, AICE, Honors and Dual Enrollment courses provided a "C" or better is earned. The purpose is to try to create the same scale for all students as high school GPA varies widely among schools. Fewer schools are reporting high school rank which used to be used as one of the main way to evaluate students but now is now missing from 25% of the students from Florida schools.
